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Abstract
This study calculatesthe solution of (3+1)-dimensional generalized Kadomtsev—Petviashvili(KP)
equation by using sigmoid function. KP equations is the 2D analog of the Korteweg-de Vries
(KdV) equation that models the flow of shallow water waves. The solitary wave ansatz method is
applied to accomplish the integration of such equations. The parameter domain is the key factor
to recognizethese types of equations. Numerical simulations and graphs also produced in this
study.
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1. Introduction :

Solitary waves become incredible move along the past 30 years. In this area many researchers
has been studied extensively and produce the good results [1-11].The main phases in this area
has been completely understood is the integrability of the solitary waves (1+1)D, (1+2)D and
(1+3)D equations.Now a days a lot of study is going on with the integrality aspects in (1+N)D
equations. Previously many people using the nonlinear analog of Fourier Transform method,
which is Inverse Scattering Transform (IST), this gives the nonlinear evolution equations. There
are plenty of modern methods of integrability available to solve these Nonlinear evolution

equations namely exponential method, %method,Adomain decomposition method,F-expansion

method ,Riccati’s equation method etc., We need to be cautious of implementing these type of
modern integrability methods.

In this article I introduced one new method of integrabilityapplied to carryout the
integration of KadomtsevPetviashvilli (KP) equation. This KP equation is a 2D analog of
Korteweg —de Vries (KdV) equation is the mathematical models of shallow water waves.If wave
propagation along x-axis, with the Equilibrium of non-linearity and dispersion is also in the x-
axis direction. A proper dependence on the y-variable also has a contribution that occurs at the
same order as non-linearity and dispersion.In this paper. | discussed three generalized variants of
KP equation. This new technique will be adopted to integrate such equations is the solitary wave
ansatz method. My numerical simulations and graphs give the better results than other methods.

2. Mathematical analysis using sigmoid function
Three variants of the generalized KadomtsevPetviashvilli (KP) equation given by [8]
Varaint |

{(ql)t +a(@)x + b(@) xxxtx + Cqyy = 0 (2.1)
Variant |1
{(ql)t + a(qn+1)x + b[CI(qn)xx]x}x +cqyy = 0 (2.2)
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and

Variant I11
{(ql)t + a(q2n)x + b[qn(qn)xx]x}x +Cqyy = 0 (2-3)

In (2.1) to (2.3) the first term indicates generalized evolution. The special casel = 1

Is regular evolution term. Coefficients a are nonlinear terms, the coefficients b are the nonlinear
dispersion terms along x-axis and the coefficients c represents the linear dispersion in the y-axis.
Wazwaz[8] already solved these equations with [ = 1in the year 2005.In this paper | also
calculated

Compactons and periodic solutions.

2.1 Varian |

To solve the generalized KP equation | choose the hypothesis

as Sigmoidfunction q(x,y,t) = A (2.4)

(1+e M)P
Wheret = byx + b,y —vt , p>0 (2.5)

for solitons to exist.

A denotes the amplitude of the soliton whileb,, b,represents the inverse widths along
thex,yaxes respectively and v is the velocity. The exponent pis unknown at this point and
will be evaluated during the on the derivation of the solitons (2.1) to (2.3).

letS=1+¢e7"

—Alvlpe™
Iy _
(q): = ot

’ : 1 1
= (q)=—A Ulp(ﬁ—m)

. : 1 1 1 1
(@Yo = =49y [ (557~ 55rx) — @0 + D (07 — o3 )|
1 2lp+1) (ip+1)
(qDex = —Alwiph, [ - SE2+ 22 (26)

1 1
(@™)x = —A"bynp (STP - W)

) npe™™ (np+ 1)e™"
(@")xx = —A"b,"np (Snp+1 T gnp+2

1 1 1 1
2
(@")xx = —A"by"np <np (STp - W) —(mp+1) (Snp+1 - S’np+2)>

= (qn)xx _ —A"blznp [ﬂ _ (2np+1) n (np+1)] (2.7)

snp snp+1 snp+2

Ze7T +1)(2 + 1)e™" +1 +2)e "
(@)xxx = —A™by *np (p)°e™™ (np + D@np + De™  (np + D)(np + 2)e l

Snp+1 Snp+2 Snp+3

_ 3 (mp)?2  (3n?p?+3np+1)  (3n?p2+5np+3)  (n?p?+3np+2)
= (@) xxx = —A"by np[snp R e et ]_(2.8)
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1 1
(qn)xxxx - Anbl np [(np)znp (Snp Snp+1)

— (3n?p +3np+1)(np+1)<

Snp+1 Snp+2

+ (3n?p? + 5np + 3)(np + 2) (

Snp+2 Snp+3>

—(?*p?+3np+2)(np + 3) (Snp+3 S"T’+4>

3,34 02,2
n _ n n3p (an®p3+6np?+4np+1)
= (") xxxx = —A b np [Snp Snp+1 +
(6n°p3+17n2p*+17np+7) (4n3p3+17n2p2+24n19+12)
Snp+2 snp+3
(n®p3+6n?p?+11np+6) 29
snp+4 ( ' )

S qyy = —Anbzzp [ﬁ _ @p+1) | (p+1) (2.10)

Sp Sp+1 Sp+2

Substitute (2.6) to (2.10) in the equation (2,1)
—1?p?Atvb, N Alvb,(2lp+1)  Alvbilp(lp + 1) N aA™b,*n%p? aA”blznp(an + 1)

Spl Spl+1 - Spl+2 snp Snp+1
N aA™b,*np(np +1)  bA™b, *n*p* B bA™b; *np(4n3p3 + 6n%p? + 4np + 1)
Snp+2 snp Snp+1
bA™b, *np(6n3p3 + 17n2p? + 7Tnp + 7)
+ Snp+2
bA™ b, *np(4n3p3 + 17n%p? + 24np + 12)
- Snp+3
N bA™ by *np(n3p3 + 6n%p? + 11np + 6) Acbz p? Acbzzp(Zp +1)
Snp+4 Sp Sp+1
Ach,’p(p + 1)
Sp+2 =
(2.11)

From (2.11) equating the exponents of p and np + 2 gives
2

np+2=p :>p:1_n

—vb,n?p? + ab,°n?p? + bb,*n*p* =0
= —v+ab, +bb;’n?p? =0

= v = ab; 4+ bb,>n%p?

10



4bb,3n?

=20V = ab1 + (1-n)2

(2.12)
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—np(np + 1)vb, A™ + aA™np(np + 1)by* + bA™b, *'np(6n3p3 + 17n%p? + 17np + 7)

+ Acb,’p(p+1) =0
divide by np(np + 1) b, A™

—v +ab; +
Al"ch,*(p + 1) 3

bb,*np(6n3p3 + 17n%p? + 17np + 7) N
(np +1)

(2.13)

bin(np + 1)
npzlz_—nn , np+1=12_—nn+1=f_r—z yp+1

(6n°p® +17n’p* + 17np +7)  7n® +21n® +13n+7

(mp+1)

(p+1) _ 3-n
n(np+1) T n2+n
then from (2.13)

bbi3(7n3+21n?+13n+7) = A'""cb,?(3-n)

nd-n?2-n+1

v=ab + n3-n2-n+1 by (n2+n) (2.14)
Jin 4bb*n?  bb3(7n3 + 21n% + 13n+ 7)] by(n? +n)
= = —
(1 —n)? nd—n2-n+1 cb,’(3 —n)
_ [[4bbi®n?  bbi3(7n3+21n2+13n+7)] by(n?+n)
= A= { (1-n)2 n3-n2-n+1 ch,%(3-n) (2'15)
So 1-soliton solution of variant-1 is given by
_ A
- 2 l
(1_6—(b1x+b2y—vt))m
Where n== , v and A values can be chosen from the equations (2.12) and (2.15)

2
respectively.

Figure 1 i) Profile of variant —I1l1 KP solutionat t = 0

ii)Profile of variant —I11 KP solutionat t = 3
iii) Profile of variant 111 KP solutionat t =5

the parameter values are chosenarea =b =c=0.5 ,b; =0.5,b, = —0.5

2.2 Variant— I ;

11
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(@Dex = —Alvipe~b, [ - EE2D 4+ T2) (2.6)

spl~ gpltl spl+z

1 1
+1 — +1
(qn ).X' = ATL bl(n + 1)p (S(n+1)p - S(n+1)p+1>

(@) = A" b2 (0 + Dp <(n +Dpe” (it Dp+ De_r)

S+1p+1 S+1)p+2

(@™ ), = A" b (n+ Dp| (n+ 1) t 1
q xx 1 p p s+p  gn+1)p+1

1 1
- ((n + 1)p + 1) (S(n+1)p+1 - S(n+1)p+2>

2 (n+l)p (+)p+(n+1)?p?  (n+1)p+1
(qn+1)xx = An+1b1 (Tl + 1)p [S(n+1)p - sn+1)p+1 + 5(n+1)p+2] —(216)
2 np (2np+1) ., (np+1)
(@ax = Ay "np [ — CE2D . CPH) (2.7)

np Cnp+1) mp+1)
Ssm+1)p o S+p+1 ~ g(n+1)p+2

q(q" ) xx = An+1b12np

[0(q™) rx], = A" b3 np [np(n + 1) t 1
a\q " Jxxlx 1 np |np p S(n+1)p S(n+1)p+1

1 1
- ((n + Dp + 1)(2np +1) (S(n+1)p+1 B S(n+1)p+2)

1 1

+ ((n + 1)p + 2)(np + 1) (S(n+1)p+2 - S(n+1)p+3>]
(n?+n)p? ((3n?+3n)p?+ @Bn+p+1)

Ssm+1)p - Sn+1)p+1
N ((3n? + 3n)p? + (6n + 2)p + 3)

S(n+1)p+2

((n?2 +n)p?+ Bn+ p +2)

- S(n+1)p+3

= [Q(qn)xx]x = An+1b13np

[(q™) xx)xx =

12
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A 1h np |(n? + n)p?(n + 1) L1
1 np p p sn+p  g+Dp+1
1 1
—((n+Dp+1)((Bn? +3M)p?+ Bn+ Dp + 1) (5(n+1)p+1 — 5<n+1)v+2>
) ) 1 1
+ ((n+ Dp +2)((3n% + 3n)p? + (6n + 2)p + 3) (S("+1)P+2 - S("+1)P+3>
1 1
2 2
+((n+Dp+3)((n? +n)p?+ (Bn+ p +2) (S("+1)p+3 — S(n+1)p+4>]
= [q(q™)xxxx -
B 4 n(n+ 1)*p
= A"1h, "np BT
((4n® +8n? + 4n)p® + (6n* + Tn+ Vp* + (4n+ 2)p + 1)
- gm+Dp+1
(6n(n+ 1)?p3 + (18n%2 + 21n+ 3)p? + (19 +9)p + 7)
+ S(n+1)p+2
(4n(n+ 1)%p3 + (18n2 + 21n + 3)p? + (26n + 12)p + 12)
- §+1p+3
(n(n+ 1)?p3 + (6n?2 + 7n+ Dp? + (11n + 5)p + 6)
+ S(n+1)p+4
2.17)
2. [p  @p+1) | (p+D)
Ayy = A"b,"p [S_p T Toptt + 5p+2] (2.10)

Substitute (2.6) , (2.10) ,(2.16) and (2.17) in the equation (2,2)
. Ilp QRlp+1) (Ip+ 1)]
—A*vilpb,

spl gpl+l Spl+2
A 2(n + Dp (n+Dp (+Dp+m+1*p> (n+Dp+ 1]
1

Sn+1)p - Ssn+1)p+1 Ss+1)p+2
n(n + 1)?p3

Sm+Dp

((4n® +8n? + 4n)p® + (6n® + Tn+ Vp? + (4n+2)p + 1)
S(n+1)p+1
(6n(n+ 1)?p3 + (18n%2 + 21n+ 3)p? + (19 +9)p + 7)
S(n+1)p+2
(4n(n+ 1)?p3 + (18n2 + 21n + 3)p? + (26n + 12)p + 12)
- S(n+1)p+3
N (n(n+ 1)?p3 + (6n%>+7n+ Dp? +11p + 5)] FULTACN P Cp+1) (p+1) _

+ bA™ b, *np

+

S+1)p+4 SP - Sp+1 Sp+2
(2.18)

From (2.18) equating the exponentsof p and (n+ 1)p + 2 gives
2

(m+Dp+2=p=>p=—.
Also equating the exponents of Ip and (n+ 1)p gives
m+Dp=lp=2l=Mn+1)

13
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From (2.18) , setting the coefficients of for j = 0,4 tozero we get

1
sn+)p+j

—Alvb, I?p? + aA”+1b12(n +1)%p? + bAn+1b14n2(n +1D%p*=0
Butl=(m+1)

= —A"pb,(n + 1)?p? + aA”+1b12(n + 1)%p? + bAn+1b14n2(n +1)%p* =0
= —v + aby + bb;*n?p? =0

= v = ab, + 4bb,> (2.19)
and

A1 *np(n(n+ 1)%p3 + (6n2 + 7n+ p% + (11n+5)p+6) =0
Which is not possible.
S0, there is no possibility of 1-soliton solution for this variant —II.

2.3 Variant — 11 :
— l 2lp+1) (Ip+1)
(@ex = —Alvipe™b [ - SRR+ S0 (26)
on AZn
a = S2np

(g™, = A*"b,2n t__1
q X 14Mp S2np S2np+1

2npe™™ (2np +1)e™"
(@%™)x = A 1b, " 2mp <52np+1 - s2np+2

1 1 1 1
_ 2
(@*)xx = A*"by"2mp <2np (San B San+1) —@np+1) (San+1 - San+2>>
2 2np (a4np+1) . (2np+1)
(qZ”)Ixx :xf”bl 2np | S - SR ZE (2.20)
We already know
(") = A"by"mp [ J — B2 + S @7)

snp snp+1 snp+2

B ) np Qnp+1) mp+1)
q"(q™")xx = A*"by"np [San © T g2np+1 + §2np+2

1 1 1 1
[ (@) xx)x = A2nb13np [anpz (San - San+1> - (2np + 1)? (San+1 - 52np+2>

1 1
+ 2np+1D(np + 1) (San+2 - gznp+3)]

14
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= [q"(q") xx]x
2n%p?  (6n’p?+4np + 1)

3
= A*"b;"np g2np §2np+1
(6n’p? +8np +3) (2n?p? + 4np + 2)
+ San+2 - San+3
[ (@) sx)xx =
oma 4. |40 (160° p + 14n?p® + 6mp +1)  (24n° p° + 42n°p? + 28np + 7)
A®"by "np g2np - S2np+1 T S2np+2
(16n3 p3 + 42n°p? + 38np + 12)  (4n3 p3 + 14n?p? + 16np + 6)
- San+3 + San+4
2.21)
2 _[p _ @p+1) | (p+1)
Qyy = A"b;’p [ B — ZD 4 2] (2.10)

Substitute (2.6) , (2.10) ,(2.20) and (2.21) in the equation (2.3)

. Ilp Qlp+1) (Up+1)
—A'vlpb; |=— —
Spl Spl+1 Spl+2
3.,3 3,3 2.,2
aA?"b,*2np [;23, — (:ffptll) + (Sz,ffpz)] + bA2"b,*n [4:2,3, _ (en?p +51;f;+pl ronprl) |
(24n3 p3+42n2p?+28np+7)  (16n3 p3+42n2p?+38np+12) | (4n° p3+14n2p?+16np+6) 2 [p
s2np+2 - s2np+3 + s2np+4 ] + CAan p [S_p -
(2p+1) | (p+1)] _
sori T gprz| = 0 (2.22)

From (2.18) equating the exponents of p and 2np + 2 gives
2
2np+2=p =>p=1
Also equating the exponents of Ip and 2np gives
2np=Ilp=>1=12n
From (2.22) , setting the coefficients of for j =0,2,4 tozerowe get

s2np+j

—Alwb, 12p? + 4aA?"b, "n?p? + 4bA?"b, ‘ntp* = 0
Butl =2n

= —4A*"vbn?p? + 4aA2”b12an2 + 4bA2”b14n4p4 =0
= —v+ab, +bb;’n?p? =0

2
Replace p = @
=>v=ab + 4bb13(1_"7)2 (2.23)

—Awlpb, (Ip + 1) + aA?™b,*2np(2np + 1) + bA™ b, *np(24n3 p3 + 42n2p? + 28np + 7)
+ cA"b,*p? =0
Replace [ =2n

15
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—A?"v2npb,(2np + 1) + aA?™b,*2np(2np + 1)
+ bA%"b, *np(24n3 p3 + 42n2p? + 28np + 7) + cAb,*p? =0

5 (24n° p® +42n%p? + 28np +7) AV, p?

- b; +bb =
v ab+hh 202np + 1) t 2nnp + 1)
24n3 p3 + 42n%p? +28np +7)  cA'"2"h,%p?
v = ab, + bby C P P PrD 2P
2(2np + 1) 2n(2np + 1)
= ab. +bb.? (24n3 p3 + 42n2p% + 28np +7)  cAV"2"b,*p?
1 1 2(2np + 1) 2n(2np + 1)
(2.24)
From (2.23 ) and (2.24)
1bh.? n* bh.? (24n3 p3 + 42n°p? + 28np + 7) N cA1=2np, % p?
La-2n)2" 22np + 1) 2n(2np + 1)
2
Replace p = —
bh.3 4n? (24n® +28n* + 14n +7)] cAl=2np,?
11 -2n)2 22n+1)(1-2n)? | n@n+1)
Ji-2n —bb,*n(24n3 + 28n2 + 14n + 7)
2¢b,%(1 — 2n)?
N
_ [-bby°n(24n® + 28n? + 14n + )|
B 2ch,%(1 — 2n)2
(2.25)

Finally, 1-soliton solution of variant-I11 is given by
A

(1- e—(b1x+bzy—vt))1-zﬁ

16
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Where v and A values can be chosen from the equations (2.23) and (2.25) respectively.
Figure 2 i) Profile of variant —I11 KP solutionat ¢t = 0
ii)Profile of variant —I11 KP solutionat t =5
iii) Profile of variant —111 KP solution at t = 10
the parameter values are chosenarea =b =c=0.5 ,b; =0.5,b, = —-0.5
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(iii)

Figure 1 (i) Profile of variant-1 KP soliton at ¢t = 0 , lii) Profile of variant-1 KP soliton at t =
3 (iii) Profile of variant-1 KP soliton att = 5
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Figure 2 (i) Profile of variant-1 KP solitonat t = 0 , lii) Profile of variant-1 KP soliton at t = 5
(iii) Profile of variant-1 KP soliton at t = 10
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